Letters 

to the Editor 


Constant Velocity with 
Non-Zero Net Force? 

A recent article by Ronald New- 
burgh 1 contains some errors of phys- 
ics that need to be corrected, but that 
also offer object lessons in conserva- 
tion of momentum, reference frames, 
and the frame-independence of physi- 
cal law. 

Newburgh analyzed a situation 
in which a truck, strewing sand and 
salt that it is carrying with it, moves 
with constant velocity v along an icy 
road at a constant rate k = Ami At > 

0. The sand and salt are ejected by 
a blower and leaves the truck with 
zero horizontal velocity relative to the 
road. He offers four answers to the 
question, What is the net force on the 
truck? a) zero, b) +kv , c) —kv , d) not 
enough information. 

This scenario is only a slight 
modification of the standard rocket 
problem. By Newton’s second law, the 
ejected material is necessarily subject 
to a rearward force -kv in order for it 
to achieve the specified zero horizon- 
tal velocity with respect to the road. 
That force is exerted on the ejected 
material by the blower, which is a part 
of “the truck.” By Newton’s third law, 
the ejected material exerts an equal- 
magnitude, forward force +kv on the 
truck. This is an example of the type 
of force that is called “thrust.” 

The puzzle, then, is why the truck 
doesn’t speed up like the rocket does 
in the standard rocket problem. (This 
might seem especially odd since the 
truck is traveling on an “icy road,” 
which might be taken to imply the 
absence of friction.) Nevertheless, the 
only possible answer is that some un- 
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specified agent must exert a rearward 
braking force — kv on the truck in or- 
der to insure that the net force on the 
truck is zero and, thereby, to account 
for its specified constant velocity. An- 
swer a is correct. Newburgh, however, 
argued for answer c. 

Newburgh’s error is interesting and 
constitutes a teachable moment: First, 
he was seduced by the fact that the 
ejected material in his problem speci- 
fication “has no momentum” even 
though its momentum is frame-de- 
pendent and, thus, immaterial to the 
underlying physics. (Indeed, although 
the momentum of the ejected materi- 
al depends on the reference frame, its 
momentum changes at a rate —kv that 
is independent of reference frame.) 
Second, he inferred, correctly, that the 
truck should be expected — absent a 
braking force — to have constant mo- 
mentum, but failed to note that that 
would only be true in the frame of the 
road. Third, he mistook constancy of 
the truck’s momentum for “conserva- 
tion.” This is a subtle error. Although 
the truck’s momentum would have 
remained constant in the frame of the 
road, it would wot have been “con- 
served” because, in any frame other 
than that of the road, it wouldn’t be 
constant. Fourth, he misapplied the 
rule that connects conservation of 
momentum with the absence of a net 
external force and was, as a result, 
blinded to the presence of the thrust. 
Finally, since the problem specifies 
that the truck’s velocity does not in- 
crease, he recognized the need for the 
braking force, but mistakenly consid- 
ered it to be the only force acting on 
the truck. 


I would like to acknowledge and 
express my appreciation for an in- 
teresting, informative, and entirely 
cordial correspondence with Ronald 
Newburgh. 

John Mallinckrodt 

Professor Emeritus of Physics 
Cal Poly Pomona 

1 . Ronald Newburgh, “Non-zero net 
force and constant velocity: A study 
in Mazur’s Peer Instruction,” Phys 

Teach. 47, 444-445 (Oct. 2009). 

Newburgh's Response — 
The Pitfalls of a Subtle 
Fallacy 

John Mallinckrodt has pointed 
out correctly an error in my recent 
article. 1 This note is meant as a gloss 
on his comments. The error is my 
conclusion that since the ejected 
material has zero momentum with 
respect to the road, there can be 
no forward thrust on the truck. In 
addition, I was not looking at the 
problem from a second frame of ref- 
erence. If we take the moving truck 
to be the frame, the velocity of the 
ejected sand must be -v and its mo- 
mentum -ktv. Therefore, the truck 
has exerted a force on the ejected 
sand equal to —kv. By the third law 
this implies a forward thrust, +kv, on 
the truck. For the truck to continue 
at constant rather than increasing ve- 
locity, a rearward force, -kv, must be 
applied, by braking for example. The 
net force on the truck is zero, not —kv 
as I had written. 

As an interesting footnote, this 
force is invariant under a Galilean 
transformation. As long as we use 
inertial frames, the forward thrust on 
the truck is +kv, independent of the 
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frame. This is true even though the 
total momentum of a system is frame 
dependent. 

I should add that the resolution of 
the problem was a perfect example of 
the efficacy of Mazur’s technique. It 
was a question of understanding, not 
finding the right answer. I am grate- 
ful to Mallinckrodt for his patience. 

Ronald Newburgh 

Harvard Extension School 
1. Ronald Newburgh, “Non-zero net 
force and constant velocity: A study 
in Mazurs Peer Instruction,” Phys. 

Teach. 47, 444-445 (Oct. 2009. 

It's All About the Math 

I was very interested to read Mi- 
chael Sobel’s article “Physics for the 
Non-Scientist: A Middle Way” in the 
September issue of TPT. After teach- 
ing high school physics, chemistry, 
astronomy, and an assortment of 
other sciences for 35 years, I recently 
retired. If someone were to ask me 
the key to a student’s success in a 
physics course, based on my experi- 
ence, I would say it is all about the 
math. Sobel alludes to that, writing, 
“Why can’t students who have stud- 
ied mathematics for, say, 1 1 years be 
expected to follow an analysis, based 
on geometry and algebra, laid out 
carefully for them?” 

I taught advanced placement 
chemistry for more than 20 years. 
Until this year, I always indicated to 
my students that the AP® Calculus 
test was more challenging than the 
AP® Chemistry test. This year I real- 
ized that is incorrect. Eleventh-grade 
students have spent 12 years solving 
math problems, while they are in just 
their second year of solving chemis- 
try problems. The fact that data from 
1998 (see http://www.nsf.gov/sta- 


tis tics/seind04/c 1 /c 1 s2 . htm) indicate 
that just 6% of high school students 
complete an AP or IB calculus course 
supports Sobel’s statement that 
“something is seriously wrong with 
an education program in which the 
efforts of students and teachers over 
so many years is almost completely 
a waste.” Not only is it a waste, but 
there is appropriate concern that our 
nation is in jeopardy as this situation 
is resulting in severe shortage of en- 
gineers born and raised in the United 
States. 

I completely agree with Sobel’s 
statement that “physicists (and also 
other scientists) must demand a place 
at the table preparing math programs 
for the schools.” I recently listened to 
our high school AP® Calculus teacher 
(whom I respect a great deal) wonder 
aloud about what he’d do with his 
students during the three weeks fol- 
lowing the exam. When I suggested 
that there are many physics labs that 
involve applications of the calculus 
his students had learned, he won- 
dered what planet I was from! How 
unfortunate! 

As president of the Florida sec- 
tion of AAPT, one of my goals was 
to get the section actively involved 
in education reform, in particular 
mathematics education reform. I was 
unable to accomplish that goal. It 
would be a great benefit to our coun- 
try if AAPT would take a place at the 
math education table. 

Frank Lock 

Englewood, FL 
fasterlock@ewol. com 

A Middle Way 

After teaching high school phys- 
ics and math for more than 1 5 years, 

I entered medical school in my 40s. 
Having survived the rigors of physics 


graduate school, I fully, and naively, 
expected to have little difficulty ne- 
gotiating the medical curriculum. 

To my dismay, this turned out to be a 
misplaced expectation. My previous 
experience had trained me to seek 
to understand underlying principles 
that could then be used to solve 
novel problems; I never found myself 
forced to memorize — understanding 
was sufficient. 

With this background I confront- 
ed the hundreds of structures in the 
human cadaver, the chemical struc- 
tures of the essential amino acids, the 
many organelles within individual 
cells, all of which had to be “learned.” 
It wasn’t until a bunch of poor exam 
performances that I realized that 
“learned” meant memorized. Once I 
understood that translation, I man- 
aged to perform satisfactorily. I 
mention this within the context of 
Michael Sobel’s article “Physics for 
the Non-Scientist: A Middle Way,” 
not to criticize medical education; 
the medical curriculum works very 
well as it is laid out. The difficulties 
I experienced lay in my deficiencies 
and not in those of the curriculum 
planners. Rather I wish to draw an 
analogy between this sort of learning 
and the sort Sobel refers to in making 
his central claim, having nonscience- 
major students learn to solve straight- 
forward problems of a mathematical 
nature can be instructive. 

As I went through the four years 
of medical school and then the three 
years of residency, I began to appreci- 
ate the utility of the vast amount of 
material that had been crammed into 
me. The various pathophysiological 
processes I had learned, with their 
rather intricate biochemical and cel- 
lular pathways, enabled me to have 
a better understanding of the wide 
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variety of illnesses I now confront 
as a practicing physician. There is 
something quite useful in memoriz- 
ing with proper contexts. 

I believe there is a strong analogy 
to be drawn between this and the use 
of elementary mathematical exercises 
in a conceptual physics course. Actu- 
ally solving some straightforward 
problems within simple mathemati- 
cal physics allows students to develop 
a significant “understanding” of 
physics. In addition, as Sobel sug- 
gests, insisting that students perform 
straightforward arithmetical opera- 
tions in themselves helps to educate 
a rather nonmathematical student 
population. Granted, this is different 
than the somewhat deeper level that 
must be probed by future practicing 
physicists. Nonetheless, it is a signifi- 
cant starting point. A mathematical 
formula takes on new life when it has 
actually been manipulated and this 
can certainly form a platform from 
which to launch further explorations. 
Bob Schwartz 

Putney, VT 

Depth and Math in 
Conceptual Physics 

Michael Sobel, in his recent 
provocative articles in TPT (47, 
346-349, Sept. 2009, and 47, 422- 
423, Oct. 2009), makes a case for 
how physics should be taught to 
nonscience college students: teach 
real physics, cover fewer topics, and 
use more math. His ideas have merit 
and deserve consideration. However, 
there are surely many ways to teach 
(and reach) such students. I am sorry 
that Sobel chooses to build his case 
on antipathy to “conceptual phys- 
ics” (quotation marks his), which 
he asserts is shallow, promotes rote 
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learning, and is nonmathematical (he 
expresses also the fear that it might 
set a standard). 

Insofar as “conceptual physics” 
is defined as the content of Paul 
Hewitt’s books of the same name, I 
have to disagree with all of Sobel’s 
characterizations. Any course using 
any text can be made deep or shallow, 
and can promote rote learning or 
not, depending on the teacher. Some 
teachers (especially in high school) 
find conceptual physics more chal- 
lenging to teach than “conventional” 
physics because it requires a deeper 
understanding of the subject and an 
ability to field a wider array of ques- 
tions. As to math, there can be plenty 
of it in a conceptual physics course if 
you define math to include not only 
plugging numbers into equations 
but also recognizing quantitative 
relationships among concepts, devel- 
oping a feeling for magnitudes, un- 
derstanding ratios and proportions, 
and appreciating dependencies such 
as linear, inverse, and inverse square. 
[Galileo’s great contribution was not 
to write down the equation x = (1/2) 
at 2 , it was to recognize that distance 
in free fall increases as the square of 
the time.] 

I have made some contributions 
to Paul Hewitt’s books and have an 
interest in their success. Despite that, 
I hope I can be a little bit objective 
in assessing their depth and their 
use of math. I taught from — and 
admired — Conceptual Physics before I 
had any connection with the book or 
its author. 

Kenneth W. Ford 

Philadelphia, PA 
kwford@verizon.net 


Conceptual Physics has 
Traction 

Michael Sobel’s September paper, 
“Physics for the Non-Scientist: A 
Middle Way,” proposes that “we de- 
sign a (problem-solving) course that 
...avoids the shallowness of concep- 
tual physics.” Many contemporary 
conceptual physics text courses do 
emulate Prof. Sobel’s proposed mod- 
el; most include problem solving and 
a variety of equations. At the same 
time, vigilance borne of experience 
has helped course designers avoid the 
pitfalls of PSSC physics and some 
of the stultifying approaches of the 
mid-20th century. 

Physics for nonscience majors 
should broaden one’s appreciation of 
our universe, and provide a basis for 
informed decisions on global warm- 
ing, controversial energy sources, 
changing consumption patterns, 
transportation, and resource alloca- 
tion. This education can be effec- 
tive without involving a great deal 
of problem solving. For example, 
we can demonstrate how speed and 
radius affect our safety in a turn on 
the road, without having to calculate 
a value for centripetal force. Analo- 
gously, we can understand Voltaire’s 
wisdom without having to read it in 
French. 

In its modern form, conceptual 
physics represents the very antithesis 
of rote learning. It teaches compre- 
hension, idea synthesis, and deduc- 
tion — all vital in the 21st century. It 
encourages curiosity, reflection, and 
inquiry. It acts as a fire wall against 
pseudoscience. Conceptual questions 
are among the most challenging a 
student can face. At the same time, 
the relevance and accessibility of 
conceptual physics make it popular 
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with both students and teachers. I 
have been told by former students 
that their conceptual physics text was 
the one they have kept on hand over 
the years. 

The report on high school physics 
enrollments \Phys. Teach. 47 (Oct. 
2009), graph on p. 445] suggests that 
the present mix of courses is highly 
successful, even while remaining 
demanding and vital. Physics enroll- 
ment rose from 18% of the student 
population in 1986 to over 30% in 
2005, along with impressive growth 
of honors physics, AP®, and CP-text 
courses. Over that period, traditional 
high school physics enrollment de- 
clined from 81% to 47%. 

Conceptual physics-text course 
enrollment climbed from 4% to 25% 
of high school physics students from 
1986 to 2005. This dramatic rise 
bespeaks the wisdom of hundreds 
of high school teachers who have 
chosen this approach — not to win a 
“popularity contest,” but as the best 
way to serve their students. These 
teachers have no gun to their heads, 
and they have alternatives. Clearly, 
conceptual physics has traction both 
with liberal arts students and with 
their teachers. 

Evan Jones 

Professor Emeritus 
Dept, of Physics, Sierra College 
Rocklin, CA 95677 
revwin@yahoo. com 

Sobel's Response to Ford 
and Jones 

I agree with Kenneth Ford that 
math is not just plugging into equa- 
tions, and that much can be learned 
from considering magnitudes, pro- 
portions, etc. I would add only that 
algebra (not equivalent to “plugging 
into equations”), geometry, and trig- 
onometry are also math, and math 
teachers for decades have insisted 


that students learn these disciplines. 
Colleges have usually required or 
recommended them for admission. 
Have all these educators been fools? 
Are we to neglect all this and say, 
“They just can’t do it; it was a waste 
of time”? 

Both Ford and Evan Jones stress 
the positive value of conceptual 
physics, but Lasry et al. 1 admit that 
“physics concepts without any 
math yield an incomplete picture 
of physics.” I think they’re hedging. 
Concepts without math yield an 
inadequate picture of physics. Paul 
Hewitt is probably more accurate 
when he stresses the negative side: 
Conceptual physics emerges because 
the math is too hard. “(T)he price of 
admission is simply too high . ” 2 

Neither Jones nor Ford nor Lasry 
et al. addresses my proposal, to use 
math in a way that is not quite as 
hard as what we usually do, but that 
still conveys much that is lacking in 
conceptual physics. 

Jones’ description of conceptual 
physics sounds idyllic. With an 
inspiring teacher students may in- 
deed become curious and reflective, 
but lacking tools, they can’t go very 
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far. As for the data he cites on high 
school enrollment, I believe colleges 
should build on it. 

1 . Nathaniel Lasry, Noah Finkelstein 
and Eric Mazur, “Are most people 
too dumb for physics?” Phys. Teach. 
47,418-422 (Oct. 2009). 

2. Paul G. Hewitt, Conceptual Physics, 
9th ed. (Pearson, Addison-Wesley, 
2002), p. xx. 

Michael Sobel 

Brooklyn College 
Brooklyn, NY 

Author's Correction: "Non- 
Zero Net Force and Constant 
Velocity: A Study in Mazur's 
Peer Instruction," Phys. Teach. 
47, 444-445 (Oct. 2009). 

On p. 444 of my paper, the choice 

b) should read “the net force on the 
truck equals kv in the direction of 
motion of the truck.” The choice 

c) should read “the net force on the 
truck equals -kv in the direction op- 
posite to the motion of the truck.” 

In both cases the A w/Ar should not 
appear. 

Ronald Newburgh 

Harvard Extension School 
Cambridge, MA 
rgne w@ verizon.net 
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